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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A 
GENERAL NATURE, WITH RESPECT TO PARTICULAR CIRCUM- 
STANCES, LOCAL, STATE, AND FEDERAL LAWS AND REGULATIONS 
SHOULD BE REVIEWED. 


2, API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, 
MANUFACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN 
AND EQUIP THEIR EMPLOYEES, AND OTHERS EXPOSED, CON- 
CERNING HEALTH AND SAFETY RISKS AND PRECAUTIONS, NOR 
UNDERTAKING THEIR OBLIGATIONS UNDER LOCAL, STATE, OR 
FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND 
PROPER PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS 
AND CONDITIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE 
MANUFACTURER OR SUPPLIER OF THAT MATERIAL, OR THE 
MATERIAL SAFETY DATA SHEET. 


4, NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE 
CONSTRUED AS GRANTING ANY RIGHT, BY IMPLICATION OR 
OTHERWISE, FOR THE MANUFACTURE, SALE, OR USE OF ANY 
METHOD, APPARATUS, OR PRODUCT COVERED BY LETTERS PATENT, 
NEITHER SHOULD ANYTHING CONTAINED IN THE PUBLICATION BE 
CONSTRUED AS INSURING ANYONE AGAINST LIABILITY FOR 
INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, 
REAFFIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. 
SOMETIMES A ONE-TIME EXTENSION OF UP TO TWO YEARS WILL BE 
ADDED TO THIS REVIEW CYCLE. THIS PUBLICATION WILL NO 
LONGER BE IN EFFECT FIVE YEARS AFTER ITS PUBLICATION DATE AS 
AN OPERATIVE API STANDARD OR, WHERE AN EXTENSION HAS BEEN 
GRANTED, UPON REPUBLICATION, STATUS OF THE PUBLICATION 
CAN BE ASCERTAINED FROM THE API AUTHORING DEPARTMENT 
[TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY 
BY API, 1220 L STREET, N.W., WASHINGTON, D.C. 20005. 


Copyright © 1988 American Petroleum Institute 
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FOREWORD 


Chapter 4 of the Manual of Petroleum Measurement Siandards was prepated as a 
guide for the design, installation, calibration, and operation of meter proving systems 
commonly used by the majority of petroleum operators. The devices and practices 
covered in this chapter may not be applicable to ali liquid hydrocarbons under all 
operating conditions. Other types of proving devices that are not covered in this 
chapter may be appropriate for use if agreed upon by the parties involved. 

The information contained in this edition of Chapter 4 supersedes the information 
contained in the previous edition (First Edition, May 1978), which is no longer in 
print. It also supersedes the information on proving systems contained in APL 
Standard 1101, Measurement of Petroleum Liquid Hydrocarbons by Positive Dis- 
placement Meter (First Edition, 1960); API Standard 2531, Mechanical Displacement 
Meter Provers; API Standard 2533, Metering Viscous Hydrocarbons; and API Stan- 
dard 2534, Measurement of Liquid Hydrocarbons by Turbine-Meter Systems, which 
are no longer in print. 

This publication is primarily intended for use in the United States and is rclated to 
the standards, specifications, and procedures of the National Bureau of Standards 
(NBS). When the information provided herein is used in other countries, the specifi- 
cations and procedures of the appropriate national standards organizations may 
apply. Where appropriate, other test codes and procedures for checking pressure 
and electrical equipment may be used. 

For the purposes of business transactions, limits on error or measurement toler- 
ance are usually set by law, regulation, or mutual agreement between contracting 
parties. This publication is not intended to set tolerances for such purposes; it is 
intended only to describe methods by which acceptable approaches to any desired 
accuracy can be achieved. 

Chapter 4 now contains the following sections: 


Section 1, “Introduction” 

Section 2, “Conventional Pipe Provers” 
Section 3, “Small Volume Provers” 
Section 4, “Tank Provers” 

Section 5, “Master-Meter Provers” 
Section 6, “Pulse Interpolation” 

Section 7, “Ficld-Standard Test Mcasures” 


API publications may be used by anyone desiring to do so. Every effort has been 
made by the Institute to assure the accuracy and reliability of the data contained in 
them; however, the Institute makes no representation, warranty, or guarantee in 
connection with this publication and hereby expressly disclaims any liability or 
responsibility for loss or damage resulting from its use or for the violation of any 
federal, state, or municipal regulation with which this publication may conflict. 

Suggested revisions are Invited and should be submitted to the directur of Lhe 
Measurement Coordination Department, American Petroleum Institute, 1220 L 
Street, N.W., Washington, D.C. 20005. 
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4.5.1 Introduction 


A master meter is selected, maintained, and operated 
to serve as the reference for the proving of another 
meter. A comparison of the two meter outputs is the 
basis of the master-meter proving method. 

The proving operation is considered a direct proving 
when a meter is proved against a pipe prover or tank 
prover. The operation is considered an indirect proving 
when a meter is proved against another meter that has 
already been proved by the direct method. 

Master-meter proving is used in situations in which 
proving by the direct method cannot be accomplished 
because of logistic reasons, such as the unavailability of 
provers. Where indirect proving is a practical require- 
ment, satisfactory results can be achieved by using the 
master-meter method; however, the master-meter 
method introduces uncertainties between the meter be- 
ing proved and the prover that is used to calibrate the 
master meter. Either the standing start-and-stop or the 
running start-and-stop method of proving may be used. 

The requirements in this chapter are intended for 
erude oil and refined petroleum products. Meter proving 
requirements for other fluids should be appropriate for 
the overall custody-transfer accuracy and should be 
agreeable to the parties involved. 


4.5.1.1 SCOPE 


‘This chapter covers the use of both displacement and 
turbine meters as master meters. 


4.5.1.2 DEFINITION OF TERMS 


Terms used in this chapter are defined in 4.5.1.2.1 
through 4.5.1.2.4, 


4.5.1.2.1 Meter proof refers to the multiple passes or 
round trips of the displacer in a prover for purposes of 
determining a meter factor. 


4.5.1.2.2 A meter prover is an open or closed vessel of 
known volume utilized as a volumetric reference stan- 
dard for the calibration of meters in liquid petroleum 
service. Such provers are designed, fabricated, and op- 
erated within the recommendations of Chapter 4. 


4.5.1.2.3 A prover pass is one movement of the dis- 
placer between the detectors in a prover. 


4.5.1.24 A prover round trip refers to the forward and 
Teverse passes in a bidirectional prover. 
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4.5.1.3 REFERENCED PUBLICATIONS 


The current editions of the following standards are 
cited in this chapter: 


API 
Manual of Petroleum Measurement Standards 

Chapter 4, “Proving Systems” 
Chapter 5,3, “Measurement of Liquid Hy- 
dracarbons by Turbine Meters” 
Chapter 5.5, “Fidelity and Security of Flow 
Measurement Pulsed-Data Transmission 
Systems” 


4.5.2 Equipment 


Any one of a fixed battery of meters that has suitable 
manifolding can be assigned to be a master meter. As an 
alternative, a selected portable meter or a meter at a test 
station can be assigned to be a master meter. The meter 
selected should be known from experience to be reliable 
and consistent, Master meters shall be well maintained. 

The master meter must not be temperature compen- 
sated. Its readout must indicate units of volume without 
corrections. The same accessories that are connected 
when the meter is proved must be connected when it is 
used to prove another meter. A master meter must have 
a direct drive from the measuring element to the pulse 
generator or the mechanical register. 

If the master meter is in portable service, it should be 
protected against damage during transportation, instal- 
lation, and handling. 


4.5.3. Meter Factor 


The meter factor that is applied to the master meter 
should be the average value of at least two meter proofs 
performed on the same liquid that will be used during 
line meter proving. The meter factor should be devel- 
oped at a flow rate within 10 percent of the flow rates 
expected during line meter proving. 

If the fuw cates of linc meter proving vary widely, a 
curve of master-meter factors may be developed over 
this range. This will provide the required master-meter 
factor for proving and verify the master-meter linearity. 

The master-meter factor shall be established by using 
the same operating conditions expected during line me- 
ter proving, with the master meter used as a reference 
standard, 
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2 GHaPTen 4—-PROVING SYSTEMS 


To obtain the value of a line meter factor expressed to 
four decimal places, such as 1.0016 or 0.9981, itis neces- 
sary to obtain from both the master meter and the meter 
to be proved an output that represents a discrimination 
of at least 1 in 10,000. 


4.5.4 Procedures 


The master meter and the meter to be proved shall be 
connected in series and shall be close enough to mini- 
mize corrections for volume during the proving period. 
Before the actual meter proving is performed, the twa 
meters shall be operated at the desired flow rate long 
enough to purge the system and achieve a steady tem- 
perature and pressure. 

Since it is not certain that the two meters will operate 
at identical temperatures and pressures during the proof 
runs, the values determined at both meters shall have 
appropriate corrections applied. 

Both the master meter and the meter to be proved 
should be equipped with meter registers or proving 
counters connected so that all registers or counters can 
be started and stopped simultaneously. If the line meter 
proving registration is detived from something other 
than the meter register, steps shall be taken to ensure 
that all volumes indicated by the proving counter are 
also reflected in the primary meter register. 

The master meter should be placed downstream of 
any fixed vapor separators, strainers, or other protective 
devices that service the meter to be proved. The meters 
shall have no devices between them that might alter the 
flow rate or the fluid properties. All fluid-diverting 
valves between the meters shall be capable of demon- 
strating positive seals, 

When a master meter is proved against a prover, the 
master-meter factor that is used should be the average 
ineter factor of at least two consecutive meter proofs that 
agree within 0.02 percent (+0.01 percent of the aver- 


age). 


DISPLACEMENT METERS USED AS 
MASTER METERS 


The following two options are available for obtaining a 
discrimination of at least 1 in 10,000 using a displace- 
ment meter: 


4.5.4.1 


Copyright por American Petroleum Institute 
Thu Dec 14 21:15:48 2000 


a. Ifthe registers can be precisely read to the nearest 0.1 
barrel or 0.1 cubic meter, the minimum proof-run vol- 
ume would be 1000 barrels or 1000 cubic meters; if the 
Tegisters can be precisely read to the nearest 0.01 barrel 
or 0.01 cubic meter, the minimum proof-run volume 
would be 100 barrels or 100 cubic meters. If proof runs 
conducted in this manner are not repeatable because of 
factors such as slackness in the gear trains or parallax 
error, larger-volume proving runs shall be used, or the 
cause for the nonrepeatability shall be corrected. 

b. Both meters can be equipped with pulse generators 
or similat devices that are capable of high-resolution 
output to obtain the required discrimination, 


45.4.2 TURBINE METERS USED AS MASTER 
METERS 


Turbine meters typically generate a large number of 
pulses per unit volume and are normally equipped with 
high-speed counters. The minimum 10,000 discrete vol- 
ume units are therefore easily generated. 

The following special precautions must be taken when 
turbine meters are used as master meters: 


a. A turbine master meter shall be a complete assembly 
comprised of flow-straightening devices and a meter. 
This assembly shall remain intact during transportation 
and operation. 

b. When both meters are turbines, they should both 
have flow-straightening devices (see Chapter 5,3) so that 
one meter does not adversely affect the other, 

c. Both counters shall be started and stopped by the 
same signal. Electronic gating circuits are recom- 
mended, (See Chapter 5,5 for additional pulse-transmis- 
sion and security recommendations.) 


4.5.5 Records 


Complete records of all data pertaining to the master 
meter should be kept, since the historical reliability of 
the master meter is important to all parties in a measure- 
ment transaction, The records should be accessible to all 
concerned parties. 
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